Compared to linear polymers with the same molecular weight, star-shaped polymers have the superiority of drug loading and delivery. The glycyrrhetinic acid (GA) from licorice is remarkably characteristic of liver distribution and liver cells targetability. In this paper, four-armed star-shaped polycaprolactone was synthesized and amino polyethylene glycol was modified by glycyrrhetinic acid (NH 2 -PEG-GA). Then the condensation reaction between the two above polymers finally produced four-armed star-shaped poly(ethylene glycol)-b-poly( -caprolactone) block copolymer (sPCL-b-PEG-GA). The structures of the intermediates and product were characterized by 1 H NMR. The results indicated that the structure and molecular weight of sPCL-b-PEG-GA can be controlled by the varied ratios of pentaerythritol (PTOL) to -caprolactone ( -CL) in the presence of stannous octoate (Sn(Oct) 2 ), and the amphiphilic copolymer sPCL-b-PEG-GA consists of PTOL as core, PCL as inner hydrophobic segments, PEG as external hydrophilic segments, and terminal glycyrrhetic acid as targeting ligand. The work explored a new synthesis route of star poly(ethylene glycol)-b-poly( -caprolactone) copolymer with liver targetability. The star-shaped polymer is expected to be an efficient drug carrier.
Introduction
Polycaprolactone (PCL) has good biocompatibility, nontoxicity, and biodegradability, so it has been widely studied and applied in the field of biomedicine and drug controlled release, and so forth [1, 2] . However, PCL also has strong hydrophobicity, which impeded its application in biological and pharmaceutical areas. The amphiphilic block copolymer of PCL modified by polyethylene glycol (PEG) could enhance the hydrophilicity of PCL, prevent protein adsorption, evade the recognition and phagocytosis of the reticuloendothelial system, and easily go through physiological barrier, which has become currently the focus of the nanopharmaceutical research [3] [4] [5] .
In recent years, there has been an increasing interest in star-shaped polymers, which are branched polymers distinguished by a structure containing three or more linear arms radiating from a center. Literatures [6] [7] [8] reported that compared to linear polymers with the same molecular weight, the star polymers have the superior properties, such as smaller hydrodynamic volume and lower viscosity, which was beneficial to drug loading and delivery.
Targeted drug delivery systems have emerged as a hot research topic in recent years. Targeting ligands can be specifically recognized by the receptor present on the desired site. The active ingredient glycyrrhetinic acid (GA) from licorice has excellent liver protection and detoxification and can promote the apoptosis of cancer cells. Moreover, it is also remarkably characteristic of liver distribution and liver cells targetability, which are confirmed by many scientists, such as Mao et al. [9] and He et al. [10] .
In this study, we combined the advantages of star polymers as drug carrier and glycyrrhetinic acid with liver targetability to synthesize a novel and efficient starshaped polymer drug carrier for liver targeting. Meanwhile we present a highly efficient route to the synthesis of the glycyrrhetinic acid-modified star poly(ethylene glycol)-b-poly( -caprolactone) polymer (sPCL-b-PEG-GA), whose structure was characterized by 1 H-NMR. ∘ C until a constant weight, which was tosylation polyethylene glycol (sTO-PEG-OTs).
sTO-PEG-OTs (23.19, 10.0 mmol) and 80 mL ammonia were added into a 150 mL high pressure reactor and reacted for 6 h at 140 ∘ C. After cooling to the room temperature, dichloromethane was used to extract aqueous phase. 100 L (1 mol/L) sodium hydroxide solution was added in the combined organic phase and then stirred for 4 hours. The organic phase was washed by saturated salt water until pH was 7. The solution was dried by anhydrous sodium sulfate for 12 hours. Finally, the white solid was obtained by filtering and concentrating, whose structure was confirmed by 1 H NMR.
Synthesis of NH
2 -PEG-GA. GA (0.4707 g, 1 mmol), EDC (0.7668 g, 4 mmol), NHS (0.4604 g, 4 mmol), and triethylamine (8 mL, 4 mmol) were mixed in 100 mL CH 2 Cl 2 and reacted for 5 h at room temperature. Then, the reaction solution was dropped slowly into NH 2 -PEG-NH 2 (2 g, 0.5 moL) solution in 30 mL CH 2 Cl 2 and reacted for 24 h. The solution was concentrated under reducing pressure and precipitated with cold ether. Finally, the solid product of NH 2 -PEG-GA was obtained by filtration and vacuum drying. The structure of product was characterized by 1 H-NMR.
Synthesis of Star PCL Terminated with Hydroxyl Group.
A certain proportion of caprolactone (CL) (20 mL), pentaerythritol (PTOL) (0.1225 g, 0.0009 moL), and Sn(Oct) 2 (0.058 mL) was added into dichloromethane solution in a sealed tube for melt polycondensation. The tube was repeatedly pumped vacuum and ventilated with nitrogen. The reaction was carried out at 60 ∘ C for 24 h. The mixture in the sealed tube dissolved in dichloromethane after the reaction finished and precipitated and purified twice with anhydrous methanol. Finally, the product (sPCL-OH) was dried under vacuum, whose molecular weight can be controlled by the ratio of initiator/monomer.
Synthesis of PCL Terminated with Carboxyl Group.
Succinic anhydride (6.0 mg, 0.12 mmol), DMAP (7.3 mg, 0.12 mmol), and triethylamine (0.008 mL, 0.12 mmol) were added into 1,4-dioxane solution containing 0.04 mmol sPCL-OH and reacted for 24 h at room temperature under continuous stirring. The solvent was removed after the reaction finished. Then the concentrated solution was hydrolyzed in hot water and extracted three times with dichloromethane. Finally, the sPCL-COOH was obtained by methanol recrystallizing and vacuum drying. 2 -PEG-GA. DCC (0.2 mmol, 0.0413 g), NHS (0.2 mmol, 0.0232), and triethylamine (0.1 mL, 0.2 mmol) were added to 30 mL⋅CH 2 Cl 2 solution (containing 1 g PCL-COOH). The mixture reaction was carried out for 16 h under N 2 atmosphere at room temperature. The reactant solution was filtered. Then GA-PEG-NH 2 was added to the above solution. After 24 h reaction, the reaction solution was transferred to dialysis bags (MWCO, 10000) and dialyzed for two days. Finally, the sPCL-b-PEG-GA was obtained by freeze drying. Its structure and molecule weight were further characterized by 1 H NMR and GPC.
Condensation of sPCL-COOH and NH

Measurements
2.7.1.
1 H NMR Characterization. 1 H NMR spectroscopy was performed on a blucker 500 spectrometer. Tetramethylsilane was used as an internal standard.
UV Test.
UV-vis absorption spectrum of the samples was recorded at room temperature using a Shimadzu 2401 UV-vis spectrophotometer (Dao jin).
GPC Test. The average molecular weight (
) of the polymers was determined with a Waters 510 gel permeation chromatography with HPLC grade THF as the solvent and polystyrene as the standard. Specimen concentrations were 2.5-5 mg/mL, and the flow rate was 1 mL/min at 30 ∘ C. Figure 1 , compared with the original PEG (Figure 1(a) ), the shift of 2.86 ppm (peak b) which appears in Figure 1(b) is the chemical shift of methylene protons which linked with amino group. And the 3.65 ppm (peak d) is the chemical shift of the proton from oxyethylene chain. Compared with Figures 1(b) and 1(d) , the angular methyl, methyl, and methylene proton peaks of GA appear at 0.6 ppm∼1.9 ppm in Figure 1(c) . Therefore, NH 2 -PEG-GA was synthesized successfully. Figure 2 showed the UV spectrum of NH 2 -PEG-GA in methanol. The methanol solution of GA has a characteristic absorption peak at 246 nm, and the solution of NH 2 -PEG-NH 2 without coupling GA has no absorption between 200 nm and 300 nm. Since the methanol solution of NH 2 -PEG-GA has an obvious characteristic absorption peak at 250 nm, the modification NH 2 -PEG-NH 2 by GA was furtherly proved to be successful.
Results and Discussion
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Characterization of sPCL-COOH, sPCL-b-PEG-GA, and
Intermediate Products. Schemes 3 and 4 show the syntheses process of sPCL-COOH and sPCL-b-PEG-GA, respectively. First, sPCL-OH was synthesized by ring-opening polymerization of -CL using the PTOL as initiator. Second, the sPCL-OH was further activated with succinic anhydride to yield the sPCL-COOH, and then NH 2 -PEG-GA was conjugated to the sPCL-COOH to produce sPCL-b-PEG-GA. The different molecular weight sPCL -OH was synthesized by varied molar ratios of -CL/PTOL in the ringopening reaction (labeled as sPCL 50 , sPCL 100 , and sPCL 200 , respectively). The synthesis parameters of sPCL -OH was shown Table 1 .
The structure of sPCL-OH, sPCL-COOH, and sPCL-PEG-GA was confirmed by 1 H NMR. Figure 3(a) showed the 1 H NMR spectrum of sPCL-OH. Chemical shifts at 1.4∼1.6 (peak c and peak d), 2.4 (peak b), and 4.1 ppm (peak e) can be assigned to the signal of independent methylene protons, carbonyl group adjacent to methylene protons, and oxygen atoms in acyloxy group adjacent to methylene protons in PCL unit, respectively. When sPCL-OH reacted with succinic anhydride, as was shown in Figure 3 but also that of NH 2 -PEG-GA (3.65, 0.6-1.9 ppm) appeared, which confirmed the chemical structure of sPCL-g-PEG-GA. Table 2 showed the molecular weight and their distribution by GPC for the sPCL -OH and sPCL -PEG-NH 2 . The sPCL-g-PEG-GA containing different PCL block molecular weights were generated by altering the molar ratio of -CL/PTOL in the reaction solution. The formation of amphiphilic copolymers was shown by the increase of Mn of sPCL -PEG-GA compared with the corresponding sPCL -OH by GPC. The molecular weights of sPCL 50 -OH, sPCL 100 -OH, and sPCL 200 -OH were 9520, 12985, and 16890 Dalton, respectively. The molecular weight of sPCL -PEG-GA was close to the sum of the sPCL -OH's molecular weight and PEG chain's molecular weight from four arms, which further confirmed the branched structure of polymers. a coupling reaction between amino and carboxyl groups in the NH 2 -PEG-GA and sPCL-COOH, respectively, whose structures are confirmed by 1 H NMR. Meanwhile the molecular weight of sPCL-PEG-GA can be altered by the reaction parameter. The work explored a new synthesis route of star polymer with liver targetability. The star-shaped polymer is expected to be an efficient drug carrier, whose application in pharmaceutics will be studied in subsequent work. N-Hydroxysuccinimide GA:
Conclusion
Glycyrrhetinic acid NH 2 -PEG-GA: Amine-terminated polyethylene glycol modified by glycyrrhetinic acid sTO-PEG-OTs: Bistosylation polyethylene glycol sPCL-OH:
Star-shaped polycaprolactone terminated with hydroxyl group sPCL-COOH: Star-shaped polycaprolactone terminated with carboxyl group PTOL: Pentaerythritol CL: Caprolactone PEG:
Polyethylene glycol.
